Purpose: To assess the activity and toxicity of low-dose weekly paclitaxel in patients with nonresectable or metastatic non-small cell lung cancer (NSCLC) and who had disease recurrence or failure with previous chemotherapy. Patients and methods: Forty patients with NSCLC previously treated with platinum-based chemotherapy received weekly paclitaxel 80 mg/m 2 as a 1 h infusion. The median age was 63 years (range 42-77 years); 25 patients had Eastern Cooperative Oncology Group performance status (PS) 1 and 15 had PS 2. Thirty-one patients had stage IV disease and nine stage III (eight stage IIIB and one stage IIIA). Results: A total of 364 weeks of treatment were administered (median 8 weeks, range 2-17 weeks). There were no episodes of grade 3 or 4 haematological toxicities. Severe non-haematological toxicity was uncommon: grade 1-2 asthenia in 50%; grade 1-2 motor neuropathy in 45% and grade 3 in 10%; grade 1-2 sensory neuropathy in 62% of patients. Alopecia was mild. The overall response rate was 37.5% (95% CI, 23.9-55): 2 CR, 13 PR, 15 SD, 8 PD, 2 NE. Median overall survival was 9.7 months (95% CI, 6.5-12.8). Median time to progression was 5.4 months (95% CI, 1.8-8.9). Conclusion: A low-dose weekly paclitaxel regimen had good clinical efficacy with low toxicity in this group of patients with poor prognosis. This regimen increases the therapeutic options available for second-line therapy in NSCLC patients.
INTRODUCTION
Over the past few years, a change has occurred in the way patients with advanced non-small cell lung cancer (NSCLC) are treated. Recently, three meta-analyses of randomized studies that compared chemotherapy with best supportive care (1-3) demonstrated a significant, albeit small, survival benefit for chemotherapy patients with an accompanying improvement in quality of life. In addition, the advent of several new agents has furthered the development of novel chemotherapy regimens for the treatment of NSCLC patients. For example, active agents such as paclitaxel, docetaxel, gemcitabine, vinorelbine and irinotecan have shown encouraging results as single agents and in combination regimens. Median survival of 9-11 months and 1 year survival rates of over 40% have been observed. Consequently, most advanced lung cancer patients with good performance status are treated with a chemotherapy regimen containing one or another of these new agents in combination with a platinum compound, i.e. cisplatin or carboplatin. However, most responses to initial chemotherapy regimens are partial and nearly all patients will, eventually, progress. The availability of the new pharmacological agents opens up new possibilities for their use in patients who have retained a good performance status following relapse or progression after firstline chemotherapy. In recent years, an increasing number of articles on second-line chemotherapy in patients with NSCLC have been published (4, 5) .
Paclitaxel as a single agent or in combination has been demonstrated to have significant activity in chemotherapy-naive NSCLC patients. Responses ranged from 10 to 38% and median survival ranged from 6 to 11 months (6). These promising results stimulated its application as a second-line treatment. Several different administration schedules of paclitaxel, alone or in combination, have been used including 24, 3 and 1 h infusions in addition to weekly dosing (6) . However, optimum dosages, administration schedules and duration have yet to be defined. Preclinical data have suggested that duration of exposure is an important factor in the cytotoxic activity of paclitaxel (7) and prolonged exposure can achieve cytotoxicity at relatively low paclitaxel concentrations (0.01 mmol/l) (7) (8) (9) . Prolonged exposure at these concentrations can be achieved easily, either by infusing paclitaxel over an extended period (96 h infusions) or by administering it on a frequent and repetitive basis, such as in a weekly schedule.
Weekly paclitaxel has been demonstrated to have significant activity in NSCLC (10) and other malignancies. Akerley et al. conducted a phase I trial in chemotherapy-naive patients with NSCLC (11) . A maximum tolerated dose of 175 mg/m 2 was administered over 3 h for six consecutive weekly schedules of an 8 week cycle. Objective response was observed in 35% of patients with haematological and neurological toxicities limiting further dose escalation. The preliminary data from a phase II trial (10) confirmed the efficacy (56% partial responses). However, optimum dosage has not been established to date. Low-dose weekly paclitaxel (80-100 mg/m 2 ) is effective and well tolerated in advanced breast cancer, neuropathy being the limiting toxicity (9, 12, 13) . Apart from a few abstracts (14) (15) (16) or studies with a relatively limited numbers of patients (17) , there is, to the best of our knowledge, a paucity of data on lowdose weekly paclitaxel in NSCLC.
Based on this rationale, we initiated a prospective phase II trial to assess the efficacy and toxicity of low-dose weekly paclitaxel for patients with NSCLC who have recurrent disease or who are refractory to previously administered chemotherapy.
PATIENTS AND METHODS

ELIGIBILITY
Patients were required to have histologically or cytologically confirmed non-resectable or metastatic NSCLC that had progressed during or after one or more chemotherapy regimens. Other eligibility criteria were as follows: life expectancy of at least 12 weeks; Eastern Cooperative Oncology Group (ECOG) performance status £2; adequate bone marrow reserve (defined as absolute granulocyte count ³2000/ml and platelet count ³100 000/ml); adequate hepatic and renal function (defined as serum creatinine level £2 mg/dl, AST and ALT £1.5 times the upper limit of normal, bilirubin £1.5 mg/dl, alkaline phosphatase values £5 times the upper limit of normal). Exclusion criteria included pre-existing motor or sensory neurological symptoms ³2 (NCI-CTC), active infections or serious social conditions that precluded weekly attendance at the hospital. Patients with brain metastases were not excluded from the study.
The study was conducted in compliance with institutional review board regulations and was approved by the Ethics Committee of the Centre. All patients were required to provide written informed consent prior to entry into the study.
PRETREATMENT AND FOLLOW-UP EVALUATION Pretreatment evaluation included a complete clinical history and physical examination, complete blood cell count, serum chemistries (including liver and renal function tests and electrolytes), prothrombin time and partial thromboplastin time, chest X-ray and computed tomographic (CT) scans of the chest and upper abdomen. If symptoms suggestive of metastasis at other sites were present, additional tests were performed to confirm or refute this possibility. During treatment, patient monitoring included a weekly complete blood cell count during the first 4 weeks and then, if haematological toxicity was not detected, every 4 weeks of therapy. Follow-up history and physical examination, serum chemistries, tumour measurements and toxicity assessment according to the NCI-CTC scale (18) were performed before each 5 week course of therapy. For response evaluation, the pertinent CT scans were repeated after every 8 weeks of treatment.
TREATMENT SCHEDULE Treatment consisted of paclitaxel at a dose of 80 mg/m 2 administered as a 1 h intravenous infusion in physiological saline at the outpatient chemotherapy clinic. Treatment was given weekly, without a rest period, until disease progression, unacceptable drug toxicity, best response had been achieved, or until the attending physician/investigator considered that there was no benefit accruing from the chemotherapy. Dexamethasone (8 mg), dexchlorpheniramine (5 mg) and ranitidine (50 mg) were prescribed 30 min before paclitaxel infusion. Prophylactic anti-emetics were not routinely provided.
World Health Organization (WHO) response criteria were used for efficacy analysis (19) . Patients who were withdrawn from the trial prior to response evaluation because of rapidly progressive lung carcinoma were considered as non-responders. All patients who received at least 1 week of chemotherapy were evaluated for toxicity.
The primary end point of the study was the response rate. Simon's two-stage optimum design was used to determine sample size and decision criteria (20) . It was assumed that a response rate of 30% in eligible patients would indicate potential usefulness while a rate of 10% would be the lower limit of interest and a = 0.05 and b = 0.10. Using these design parameters, the first stage of the study was initially to enrol 18 patients and this regimen was rejected if fewer than two patients had an objective response. Under the null hypothesis (for response rate 10%) the probability of early termination was 71%. If two or more patients responded, the accrual was continued until 36 patients. The planned accrual period was 24 months. Secondary end points were toxicity and overall survival. Response and survival rates were both calculated on an intent-to-treat basis. Overall survival and time to progression were measured from the date of entry into the trial up to time of death or up to the date of the last follow-up clinical assessment. Survival curves were constructed using the KaplanMeier method.
RESULTS
DEMOGRAPHY
A total of 40 patients were entered into this study from August 1998 to December 2001. Patients' clinical characteristics are presented in Table 1 . All 40 patients had received a prior platinum-based chemotherapy regimen ( Table 1) . Four of these patients had received more than one chemotherapy regimen; in three of them, the subsequent regimen was paclitaxel every 3 weeks. All 40 patients were eligible for toxicity assessment. Two patients had received prior chemotherapy in the neoadjuvant setting. Of the 40 patients, 22 had initially responded to platinum-based therapy, 10 patients had achieved stable disease (SD) and eight had progressive disease (PD). The median time between the last dose of the previous chemotherapy and the start of the weekly paclitaxel was 25 weeks (range 3-104 weeks).
COMPLIANCE AND RESPONSE
A total of 364 courses of weekly paclitaxel were delivered, with a median of 8 weeks per patient (range 2-17 weeks). Only two patients received less than 4 weeks of treatment: one had a hypersensitivity reaction despite pretreatment measures and the other had poor compliance due to social problems. Both were withdrawn from the study following the second cycle and were considered non-evaluable for response. Eighteen cycles were omitted (5%) owing to toxicity: thrombocytopenia grade 1 (three cycles), fever grade 1 (two cycles), fatigue grade 3 (two cycles), infection without neutropenia (eight cycles) and peripheral neuropathy grade 2 (two cycles). No dose reductions were necessary.
Of the 40 patients entered into the study, 15 (37.5%; 95% CI, 23.9-55%) had an objective response (intent-to-treat) to weekly paclitaxel [complete response (CR) = 2; partial response (PR) = 13]. SD was achieved in 15 patients (37.5%) and eight (20%) experienced PD ( Table 2 ). The two patients with CR had received prior chemotherapy with carboplatin and gemcitabine.
The response rate to prior chemotherapy was 55% (22 of 40 patients). Ten of the 15 responses occurred in this group of chemo-sensitive patients. Only two responses occurred in patients with SD and, surprisingly, three responses were achieved in patients who had experienced PD in the course of the previous platinum-based chemotherapy (Table 2) . Response according to histological subtype and performance status is shown in Table 2 .
All 40 patients were included in the survival analysis, with a median follow-up time of 6.4 months (range 1-36 months). The median overall survival for the entire group was 9.7 months (95% CI, 6.6-13) (Fig. 1) . The 1 and 2 year survival (42) 6 (25) 1 (4) Non-squamous cell (n = 16) 8 (50) 5 (31) 2 (13) 1 (6) According to PS PS = 1 (n = 25) 11 (44) 9 (36) 4 (16) 1 (4) PS = 2 (n = 15) 4 (27) 6 (40) 4 (27) 1 (6) According to RPC PR (n = 22) 10 (45) 7 (32) 3 (14) 2 (9) SD (n = 10) 2 (20) 5 (56) 
TOXICITY
The haematological and non-haematological toxicities are described in Table 3 . In general, weekly paclitaxel was well tolerated by this group of patients with poor prognosis. There were no grade 3 or 4 haematological toxicities. Non-haematological toxicities were also mild. Fatigue and alopecia were the most common non-haematological treatment-related toxicity: 24 patients had grade 1-2 fatigue and 29 patients had alopecia grade 1-2. Three patients developed severe fatigue (grade 3) and one patient severe alopecia. Other grade 3 non-haematological toxicities were uncommon and included nausea (two patients), motor neuropathy (four patients), sensory neuropathy (one patient) and hypersensitivity reaction (one patient). One patient with PR died after 9 weeks of treatment due to pneumonia without neutropenia and was considered a toxic death.
DISCUSSION
Modest survival benefit has been observed with the administration of platinum-based chemotherapy compared with best supportive care alone in patients with advanced NSCLC (1-3) . The advent of several new anti-neoplastic agents with favourable efficacy and toxicity profiles opens up the possibility of new approaches in the treatment of advanced NSCLC. The results of the present phase II trial confirm the efficacy of lowdose weekly paclitaxel in the treatment of pretreated patients with non-resectable or metastatic NSCLC.
Weekly paclitaxel as a 1 h infusion had a favourable toxicity profile and a substantial degree of activity in this group of poor prognosis patients. A median of 8 weeks of therapy at a dose of 80 mg/m 2 was delivered, which represents a dose intensity of 240 mg/m 2 per 3 week interval. At this high-dose intensity haematological toxicity was mild, no grade 3 or 4 neutropenia, anaemia or thrombocytopenia being observed. Non-haematological toxicity was also mild. Fatigue and anorexia were the most common, most of them being grade 1 or 2. Neurotoxicity is particularly associated with this regimen when the paclitaxel dose is increased to >100 mg/m 2 , but at the dose in our study only four patients presented grade 3 motor neurotoxicity. Considering that all patients had received platinum-based therapy, the rate of grade 1 or 2 neurotoxicity is acceptable.
Second-line chemotherapy has become almost routine in NSCLC patients with good performance status. Recently, two articles that summarized the results of second-line chemotherapy for NSCLC were published (4,5). Huisman et al. reviewed 34 single-agent studies (17 in abstract form) and 24 multi-drug studies (13 in abstract form). They concluded that the results from both single-agent and multi-drug studies are difficult to assess effectively owing to limited patients' details such as pretreatment conditions, response to first-line therapy and progression-free interval (5). Response rates from 0 to 38% have been reported for single-agent paclitaxel. The number of patients included has been small, the doses varying between 135 and 250 mg/m 2 and the duration of infusion between 1 and 24 h. Few data on weekly paclitaxel as second-line chemotherapy have been reported (14) (15) (16) (17) .
Our phase II trial indicates that weekly paclitaxel, as a single agent, was active as second-line therapy in this group of 40 extensively pre-treated NSCLC patients. The response rate of 37.5% was comparable to that obtained in phase II studies with chemotherapy-naive patients. The median overall survival (9.7 months) and time to progression (5.4 months) are among the best in phase II second-line chemotherapy trials reported to date. Although high-dose paclitaxel could prove to be more effective, no confirmatory studies comparing high-versus lowdose weekly paclitaxel have been conducted to date. When prospective studies had been conducted to assess the doseresponse relationship of several paclitaxel-containing regimens administered every 3 weeks, no statistically significant differences were observed regarding response rate or survival (21, 22) . Moreover, the dose intensity administered with this regimen is similar to the highest dose delivered with schedules of every 3 weeks (240 mg/m 2 ). Of interest is an evaluation of response following previous chemotherapy. Two studies (23, 24) reported that platinum refractoriness negatively influenced second-line chemotherapy response. Contradictory results come from three other trials (25) (26) (27) in which no relationships between response to secondline therapy and platinum-resistant NSCLC were observed. In our study, the likelihood of response to weekly paclitaxel did not appear to be influenced by the response to previous platinum-based therapy; five of our 18 patients (28%) with stable disease or progression following previous chemotherapy responded to the weekly paclitaxel therapy.
Since palliation is the most important goal in advanced NSCLC, the challenge is to devise an active and well-tolerated regimen. The low-dose weekly paclitaxel is effective in the treatment of NSCLC patients and can be safely administered in this group of pretreated patients. Unlike high-dose and other conventional schedules, no grade 3-4 neutropenia was observed. In the first-line setting, PS has been identified as prognostic factor for response and survival. Recently, the CALGB study confirmed the benefit of combination therapy (carboplatin plus paclitaxel) versus single-agent paclitaxel (28) . However, one should be cautious in extrapolating these results to second-line therapy. In our study, 15 (37.5%) of the 40 patients included had PS 2. The overall response rate (27%) and the median survival (6.2 months; 95% CI, 1.4-11) of these patients with a PS of 2 shows the clinical benefit in this subset of poor prognosis patients.
In conclusion, the favourable response rate, median time to progression and overall survival observed with low-dose weekly paclitaxel justify its application to patients with advanced NSCLC. The low toxicity profile suggests that this schedule would be promising following first-line chemotherapy or in patients with co-existing clinical conditions that preclude further aggressive combination therapy. Further randomized trials comparing weekly paclitaxel to combination chemotherapy as first-line chemotherapy in advanced NSCLC are warranted.
